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9 The English mathematician John Kerrich, while imprisoned by
the Germans during World War II, tossed a coin 10,000 times.
Result: 5067 heads, a proportion of 0.5067.

Phenomena having uncertain individual outcomes but a regular pat-
tern of outcomes in many repetitions are called random. "Random" is
not a synonym for "haphazard" but a description of a kind of order
different from the deterministic one that is popularly associated with
science and mathematics. Probability is the branch of mathematics
that describes randomness.

The experience of children in and out of school provides less contact
with randomness than with data. For example, students do not meet
areas of science in which random behavior appears (such as genetics
and quantum theory) until secondary school and then only if they elect
solid science courses. Uncertainty is of course a pervasive aspect of all
human experience; it is the order in uncertainty that is hard to observe in
casual settings. Even state lotteries, although familiar to many students,
give little experience with the orderly aspect of randomness because of
their emphasis on extremely unlikely large prizes. These well-publicized
games of chance use actual physical randomization but appear to make
people rich haphazardly.

Psychologists have shown that our intuition of chance profoundly
contradicts the laws of probability that describe actual random behav-
ior. This incorrect understanding is very difficult to correct by formal
instruction. Attempts to teach probability and statistical inference with-
out adequate intuitive preparation are a second major pitfall in intro-
ducing data and chance into school curricula.

Even at the college level many students fail to understand probability
and inference because of misconceptions that are not removed by study
of formal rules. The conflict between probability theory and students'
view of the world is due at least in part to students' limited contact with
randomness. We must therefore prepare the way for the study of chance
by providing experience with random behavior early in the mathematics
curriculum. Fortunately, the study of data provides a natural setting for
such experience. The priority of data analysis over formal probability
and inference is an important principle for instruction in uncertainty.

Artificial chance devices (coins, dice, spinners) can be used to pro-
duce data in the classroom with the intent of applying data analysis
skills to discover the orderly nature of these devices. Uncertainty also
appears in data from sources other than chance devices. Repeated mea-
surements of the same quantity (made by several students, for example)
yield varying results. Natural variation appears in the heights, reading
scores, or incomes of a group of people. It is perhaps surprising that